Introduction
Evidence for the benefits of pulmonary rehabilitation (PR) in COPD is broadly based and widely accepted. [1, 2] Its prescription is recommended in national and international guidelines for patients with symptomatic disease. [3, 4] A number of randomised controlled trials and meta-analyses have reported on the beneficial effects of PR on exercise capacity, dyspnoea, quality of life and improvements in health care utility. [5] [6] [7] [8] Low rates of referral, uptake and completion have been widely reported and have implications for service delivery. Although the availability of PR has improved in the United Kingdom, and many programmes are now available to patients referred from primary care as well as secondary care, few studies have examined the effectiveness and applicability of PR in conventional health care. [9, 10] In a retrospective analysis of the trials included in a Cochrane Airways meta-analysis of rehabilitation, Bjoernshave et al highlighted selective inclusion criteria and significant drop-out rates or non-completion in several studies. [11] Seventy five percent of participants in 26 trials were non-completers due to ineligibility for study inclusion or drop-out. In the USA, Cote et al found that 53% of participants either declined to take part in a trial or dropped out. [12] Trials investigating the predictors of drop-out from PR have highlighted a number of associated phenotypical features. In a recent systematic review Keating et al identified obstacles to initial PR uptake: disruption to valued routine, uncertainty of the referrer in its effectiveness, inconvenient timing, travel issues, and low perceived benefit. [13] Most of the studies included were small and several were qualitative. Obstacles to PR completion were illness and co-morbidities, travel, current smoking, lack of social support, COPD exacerbations, and low perceived benefit. [13] Severe disease including severe dyspnoea was associated with drop-out in a retrospective study of 239 patients by Sabit et al in the UK, and in the study by Cote et al in the USA, and Garrod and colleagues found that quadriceps weakness and depression were also predictors of drop out in the UK. [12, 14, 15] Whilst these studies suggest that severity of symptoms and co-morbidities may be associated with higher risk of drop-out, prior identification of participants at risk of non-attendance remains difficult and no robust predictive models are available.
There is also a paucity of information concerning the effectiveness of different models of rehabilitation, optimal duration, frequency of supervision and method of recruiting. [16] In a randomised controlled trial evaluating the frequency of supervised sessions O'Neill et al have suggested that once weekly programmes may lead to similar outcomes as twice weekly programmes. However since this small study was not powered for equivalence, results should be 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 programmes are likely to be as effective as hospital programmes. [17] Increasingly, data show benefits of programmes integrated between primary and secondary care for COPD. [18, 19] We report outcomes from a prospective observational study on the effectiveness of an integrated system-wide service of pulmonary rehabilitation, where rehabilitation is provided in hospital and community settings, with rolling recruitment to twice weekly supervised programmes and cohort recruitment to once weekly supervised programmes. We have evaluated attendance at assessment and rates of completion, and have sought to define predictors of effectiveness, attendance at assessment and completion.
Methods
We have analysed data from an integrated PR service in two inner London boroughs across 
Participants
Patients with a diagnosis of COPD were eligible. Patients were excluded if they were not appropriate for rehabilitation due to cardiovascular instability or significant musculoskeletal limitations at referral or assessment. Referrals were received from primary and secondary care including general practitioners, practice nurses, community COPD teams, in-patient COPD teams, in-patient physiotherapists, and respiratory physicians in outpatient clinics. Within two weeks, patients were sent written confirmation of receipt of referral, together with a PR information leaflet produced by the British Lung Foundation. Patients were telephoned to offer an appointment for assessment at the most suitable location followed by written confirmation. Patients requiring transport used hospital transport services to attend hospital sites. All patients received a reminder telephone call prior to the appointment. Those who did not attend were offered one further assessment appointment. 21 
Pulmonary rehabilitation programmes
Programmes took place in seven centres: two hospital physiotherapy gyms and five community settings (two local authority gyms, one health centre and two community halls). The two hospital and two of the community programmes were delivered on a rolling recruitment basis. Patients on rolling programmes attended twice weekly supervised sessions for eight weeks (16 sessions) and were encouraged to exercise at home for at least one additional session. [20] Three community programmes used cohort recruitment whereby patients attended once weekly supervision over 8 weeks (8 sessions) and were encouraged to exercise at home for at least two additional sessions, using a locally developed home exercise video. [21] Patients attended rehabilitation at a site of their choice. Once weekly cohort programmes were offered to enable attendance at a local venue where a rolling programme may not have been available.
Standardised exercise and education was delivered across all sites in accordance with guidelines. [20] Exercise consisted of cardiovascular and limb strengthening activities in line with individual baseline function. Walking was a component in all programmes and intensity was determined at 85% peak oxygen consumption from baseline walk testing. [22] Patients with a current prescription for ambulatory oxygen used it during exercise. Where evidence of desaturation to less than 85% was evident on exercise, supplementary oxygen was provided and those patients were offered further assessment of ambulatory oxygen need. Depression Scale (HADS). [25] [26] [27] For the purpose of analysis the ISWT was categorised into quartiles based on the scores recorded at baseline in the patients attending assessment: 0-130 metres; 131-220 metres ; 221-340 metres ; 341-1020 metres. The anxiety and depression components of the HAD scale were also categorised into three categories based on previous study in a general population. The first category, 0-7 is normal, the second category 8-10 represents "risk" of anxiety or "risk" of depression, and the third category 11 or more represents "caseness" for anxiety or depression. [27] Patients were categorised as "completers" if they had attended at least 8 sessions (50%) on a rolling recruitment programme or had attended at least 6 sessions (75%) on a cohort recruitment programme, irrespective of attendance at final assessment.
Analysis
Analysis was carried out using SPSS (SPSS Inc, Chicago). Predictors of attendance at assessment were investigated using univariate and multivariate logistic regression with the independent variables age, gender, referrer and IMD score. Course completion was investigated using univariate and multivariate logistic regression with the independent variables age, gender, referrer, IMD score, MRC score, Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage (based on FEV1), and ISWT, CRQ and HADS at baseline. Because of the number of comparisons in the univariate logistic regression of completion, we set the threshold for statistical significance at p=0.01 to allow for the increased possibility of finding a significant association by chance. Effectiveness of PR was assessed by comparing mean scores in ISWT, CRQ and HADS before and after PR using paired t-tests and 95% confidence intervals. We assessed the outcome not only in the significance of the difference but also in whether the lower end of the 95% confidence interval for the difference was greater than the minimal clinically important difference (MCID) for the ISWT (47 metres) and each domain of the CRQ-SR (0.5) and for the HADS (anxiety 1.32 and depression 1.4). [28] [29] [30] We composed a binary outcome variable based on the MCID for the outcome measure ISWT and for each domain of the CRQ-SR to seek, using multiple logistic regression, predictors of effectiveness of PR among demographic variables and baseline measures of severity.
Results
1266 people with COPD were referred to pulmonary rehabilitation between April 2008 and March 2010 (mean age (SD) 68.1 (11.0) yrs; male 52%; IMD 35.8 (9.2)). Figure 1 shows the recruitment pathway for all referrals. 812 (73%) eligible patients attended for assessment. The course was completed by 441 patients (40% of those referred, 54% of those who attended assessment and 67% of those who started the course). 635 (57%) patients were referred from primary care (13% general practitioner (GP), 21% practice nurse, 23% community COPD clinic), 41% from secondary care (19% 
Attendance at assessment
The characteristics of the 812 patients who attended assessment are shown in Table 1 together with the adjusted odds ratios (multivariate analysis) for their attendance compared to referred patients who did not attend. Patients were less likely to attend assessment if they were under 55 years or over 74 yrs, or were referred by the in-patient COPD team, hospital physiotherapist or specialist COPD community clinic. Gender and deprivation score did influence attendance at assessment.
Completion of Pulmonary Rehabilitation
The characteristics of patients who attended PR are shown in Table 2 . Unadjusted odds ratios (univariate analysis) show differences in characteristics between those who completed and those who dropped out. Factors associated with lower rates of completion were: GP referral, second to lowest quintile of deprivation (not the lowest), MRC score 4 or 5, baseline ISWT distance of less than 220m, lower baseline CRQ score in the domains of fatigue, emotion and disease mastery, and a HAD anxiety or depression score of 11 and above. Type of programme (once weekly cohort or twice weekly rolling recruitment) was not associated with completion.
In multivariate analysis GP referral, depression score of 11 and above, MRC score 4 or 5, and higher deprivation remained independently associated with lower rates of completion (Table 3) .
Effectiveness
Statistically significant improvements were evident overall and in both the twice weekly rolling and the once weekly cohort recruitment groups for ISWT, all domains of the CRQ, and HADS anxiety and depression scores (Table 4 ). The mean change and the lower limit of its 95% confidence interval in ISWT and all domains of the CRQ exceeded the minimal clinically important differences (MCID) in patients completing PR overall and in those in twice weekly rolling recruitment groups. The MCID of the HADS anxiety element was not reached but participants in the twice weekly rolling recruitment group reached the MCID for depression. In the once weekly cohort recruitment programme, the mean change in ISWT and CRQ also exceeded the MCIDs but the lower limit of the 95% confidence interval was less than the MCID with respect to the ISWT and the CRQ emotion, fatigue and mastery domains and higher than the MCID for CRQ dyspnoea. 
Discussion
In this large observational evaluation of an integrated PR service for COPD across primary and secondary care, PR was effective in improving exercise capacity, reducing dyspnoea, improving quality of life, and reducing anxiety and depression. Seventy three percent of referred patients attended for assessment and 40% completed the course of treatment. This research confirms the findings of clinical trials in a real world setting with no prior selection of participants. It answers the criticism that has been made of some trials in which many patients suitable for PR programmes were excluded. [11] It demonstrates the effectiveness of PR in everyday clinical practice, but it also shows that the key obstacles to its delivery are to be found in the take-up and completion of the treatment by those referred.
Its strength comes from its large sample size, the absence of restrictive patient selection criteria, and its application over two years. The capacity of this PR programme has been in excess of 600 annual places for at least five years for a population of about 5000 COPD patients. Access is open to clinicians from primary and secondary care and the programme has been promoted widely. PR is shown here to be effective in all patients with COPD irrespective of age and socio-economic deprivation, in patients with moderate, severe, and very severe disease. [28, 29] The conclusions that can be drawn are limited by the absence of a control group. Nonetheless the size of the improvement achieved does match that observed in trials. [1] The baseline ISWT was not preceded by a training walk but the improvement seen in the ISWT matched the improvement in dyspnoea and quality of life. As with twice weekly rehabilitation, changes in outcomes in the once weekly cohort were statistically significant. However, the lower limits of the outcomes' 95% confidence intervals in the once weekly cohort only exceeded the MCID with respect to the dyspnoea element of the CRQ-SR.
The analysis was not powered to look at differences between once and twice weekly provision of rehabilitation, and patients were not randomised to once only or twice only, but this finding gives more confidence in the advantage of twice weekly over once weekly attendance.
Attendance at assessment
Eligible referrals to PR came from primary and secondary care, with slightly more from the former.
This reflects an important shift in primary care awareness of PR. We were limited in comparing attenders and non-attenders before assessment by the information provided by the referrer, a problem highlighted by Keating et al in their review. [13] We cannot explain why people below 55 or above 75 years were less likely to attend assessment. This may have reflected a greater likelihood of employment in the younger group, and poor mobility and co-morbidities in the older group. Poor attendance at assessment by patients referred from a specialist COPD community clinic or while they were in hospital may reflect more complex needs and more severe disease. Recent data shows an important benefit of rehabilitation after exacerbation leading to hospital admission, but recruitment during this acute phase is more difficult. [8, 31] Rehabilitation providers may have to consider whether the needs of these patients are different.
Completion of rehabilitation
The rates of completion are similar to those observed in trial settings from the time of contact or screening. Completion rates after randomisation in trials of PR are usually about 75%, compared to 54% after assessment in participants in this study. [11] This is not surprising because participants in trials are generally less affected by co-morbidities and have usually signalled their commitment to participation by completing consent forms. Patients referred by general practitioners were as likely to attend assessment as patients referred by respiratory physicians in outpatient clinics, but they were less likely to complete rehabilitation. Further exploration of the methods of preparation of patients for PR may be justified. As with Fan et al and Garrod et al, we found that depression was a predictor of drop out. [15, 32, 33] While these factors together with deprivation and more severe disease were significantly associated with reduced completion, they only explained 10% of the variance (pseudo r 2 = 0.103) in completion rate after assessment. [34] This was despite the large A new understanding is required of the reasons why nearly half of patients assessed for PR and 60%
of those referred fail to complete the treatment. We know that the determinants of behaviour with respect to exercise are complex. [35] A new approach is required which seeks to understand from the patients' perspective why they fail to complete PR. Qualitative research may lead to the development of new hypotheses which could be tested in less reductionist fashion, perhaps adopting Bayesian statistical methods to allow for more complex relationships.
Conclusions
Despite our concerns about high levels of failure to attend assessment and to complete pulmonary rehabilitation, it is clear from this study that pulmonary rehabilitation is effective in the routine clinical care of COPD in those who complete the course. Clinicians from all sectors of health services should be able to refer their patients. They should be aware that rates of attendance at assessment may be 75% or less and the course of treatment may be completed by only 40% of all those referred.
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